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In this manner, the shape of the hinge regions creates a natural hinge that helps to 
actuate the expandable cage between the unexpanded and expanded positions. As can 
be best seen in FIG. 2, the U-shaped bending regions 54 and 56 are positioned 
directly opposite the U-shaped portion of the distal bending regions 58 and 60. The 
5 positioning of the direction of the U portion also enhances the ability of the 

circumferential member to bend. These circumferential members 46 and 48, while 
being quite bendable, nevertheless maintain sufficient radial strength to remain in the 
deployed position to hold the filter element 26 open in the body vessel for collecting 

~ embolic particles which may be entrained in the body fluid. 
10 H The shape of the bending regions are shown as substantially U-shaped 

^ portions, however, any one of a number of different shapes could also be utilized to 

H create a natural bending point on the circumferential member. For example, a V- 

.U! 

s shaped region could also be formed and would function similarly to a U-shaped 

■H" 

fy portion to facilitate the collapse and expansion of the circumferential member as 
15 [1 needed. Alternative shapes and sizes of the bending regions also could be utilized 
Fjj without departing from the spirit and scope of the invention. Although four bending 
regions are shown on each circumferential member, it should be appreciated that the 
number of different bending regions could be increased or decreased as needed. For 
example, it is possible to utilize only two bending regions, as is shown in the 
20 embodiment of the expandable cage of FIG. 6, in order to facilitate bending. 

Additional bending regions also could be utilized in the event that additional proximal 
or distal struts are used to form the expandable cage. Moreover, different sizes, 
shapes and location of the bending regions can be utilized on any circumferential 
member. 

25 The expandable cage 24 of FIGS. 1 and 2 is shown rotatably mounted to 

the distal end of the guide wire 28 to allow the entire filtering assembly 22 to remain 
stationary once deployed in the body vessel. This feature prevents the filtering 
assembly from rotating in the event that the proximalend of the guide wire is 
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accidentally rotated by the physician during use. As a result, the possibility that the 
deployed filtering assembly 22 could be rotated to cause trauma to the wall of the 
vessel is minimized. Referring specifically to FIGS. 1 and 2, the first end 64 of the 
proximal struts 42 and 44 are attached to the collar 65 which is rotatably mounted on 
5 the guide wire 28 between a pair of stop fittings 72 and 74. The stop fittings 72 and 
74 allow the expandable cage 24 to spin on the guide wire but restricts the 
longitudinal movement of the cage on the guide wire. This particular mechanism is 
but one way to rotatably mount the expandable cage 24 to the guide wire 28. 
Jz The expandable cage is shown in FIGS. 1 and 2 does not include a 

10 O segment of guide wire which would otherwise extend through the expandable cage 24 

St! 

N to the distal end where the coil tip 76 extends through the obturator 32. In this 

M> manner, the elimination of this short segment of guide wire through the expandable 

Ul 

s cage 24 may help collapse the filter assembly 22 to a smaller delivery profile. The 

I=y lack of the guide wire segment also may help to increase the flexibility and 

hi 

15 p bendability of the filtering assembly 22 somewhat as it is being delivered through the 
j=jj patient's vasculature. 

Referring now to FIG. 5, an alternative version of the embolic filtering 
device 20 is shown as it is rotatably mounted onto a guide wire 28. In FIG. 5, the 
filter element has been removed to better show the portion of the guide wire which 

20 extends through the expandable cage to the coil tip of the guide wire. In this 

particular embodiment, a short segment of guide wire 78 is present and extends 
through the expandable cage 24 and extends through the obturator 32. This particular 
embodiment of the embolic filtering device functions in the same fashion as the filter 
device shown and described in FIGS. 1-4. However, a full-length guide wire is 

25 utilized in conjunction with this particular embodiment. While this particular 

embodiment of the filtering device may not be collapsed to a smaller profile as the 
one shown in FIGS. 1 and 2, nevertheless it has the advantage of a full-length guide 
wire which allows the physician to manipulate the proximal end of the guide wire in 



212214.4 



-22- 



Docket No. ACS-57406 (2898P) 



upper plateau strength is about a minimum of 60,000 psi with an ultimate tensile 
strength of a minimum of about 1 55,000 psi. The permanent set (after applying 8% 
strain and unloading), is less than approximately 0.5%. The breaking elongation is a 
minimum of 10%. It should be appreciated that other compositions of nickel-titanium 
5 can be utilized, as can other self-expanding alloys, to obtain the same features of a 
self-expanding cage made in accordance with the present invention. 

In one example, the cage of the present invention can be laser cut from a 
tube of nickel-titanium (Nitinol) whose transformation temperature is below body 
ji temperature. After the strut pattern is cut into the hypotube, the tubing is expanded 
10 Q and heat treated to be stable at the desired final diameter. The heat treatment also 
Nj controls the transformation temperature of the cage such that it is super elastic at body 
M= temperature. The transformation temperature is at or below body temperature so that 
the cage is superelastic at body temperature. The cage is usually implanted into the 
^ target vessel which is smaller than the diameter of the cage in the expanded position 
1 5 ! * so that the struts of the cage apply a force to the vessel wall to maintain the cage in its 
O expanded position. It should be appreciated that the cage can be made from either 
superelastic, stress-induced martensite NiTi or shape-memory NiTi. 

The cage could also be manufactured by laser cutting a large diameter 
tubing of nickel-titanium which would create the cage in its expanded position. 
20 Thereafter, the formed cage could be placed in its unexpanded position by 

backloading the cage into a restraining sheath which will keep the device in the 
unexpanded position until it is ready for use. If the cage is formed in this manner, 
there would be no need to heat treat the tubing to achieve the final desired diameter. 
This process of forming the cage could be implemented when using superelastic or 
25 linear-elastic nickel-titanium. 

The struts forming the proximal struts can be made from the same or a 
different material than the distal struts. In this manner, more or less flexibility for the 
proximal struts can be obtained. When a different material is utilized for the struts of 
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Amendment mailed October 10, 2006 

In response to the Office Action dated June 29, 2006 

58. (Withdrawn) The cage of claim 54, further including another 
circumferential member attached to and located between the proximal circumferential 
member and the distal circumferential member. 

59. (Previously Presented) The filtering device of claim 56, wherein the 
proximal and distal circumferential members are attached to each other by at least one 
connecting strut. 

60. (Previously Presented) The filtering device of claim 56, further including 
a plurality of connecting struts which connect the proximal circumferential member to the 
distal circumferential member. 

61. (Previously Presented) The filtering device of claim 60, wherein each 
connecting member is attached at a bending region on each of the proximal and distal 
circumferential member. 

62-70. (Canceled) 

7 1 . (Previously Presented) An embolic filtering device used to capture 
embolic debris in a body vessel, comprising: 

a guide wire having a proximal end and a distal end; and 

an expandable filter assembly rotatably attached to the distal end of the 
guide wire, the filter assembly including a self-expanding cage having a proximal 
circumferential member having a plurality of bending regions formed therein, a 
distal circumferential member having a plurality of bending regions formed 
therein, the proximal circumferential member being connected to the distal 
circumferential member, and a filter element attached to the self-expanding cage, 
wherein the bending regions of the proximal circumferential member are in phase 
with the bending regions of the distal circumferential member. 
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